
UNITED STATES R:JF,~:A:; i ,:,' ~ i i : ~ i , h ~ k ' y  I ()!I 
DEPARTMENT OF THE INTERIOR !;*;;~;,.:,,y;,;z ! , ; i ~ , ; ; d , , # ~ l ~ ~ ~ i > , q ~  BUREAU OF RECLAMATION 

, , ' .  + .,-, , * .  A ,:!.,; L ;L  ,+,* ",; ' . , . ' I  ,,,.,,I r i : ,~ )  1' it:::.: Y I  :,I.:;; 

H Y D R A U L I C  M O D E L  S T U D I E S  O F  T H E  S T l L L l N G  
B A S I N  F O R  T H E  P U M P - T U R B I N E  B Y P A S S  V A L J V E  A T  

F L A T I R O N  P O W E R  A N D  PUMPING P L A . N T  
C O L O R A D O - B I G  T H O M P S O N  P R O J E C T  

Hydraulic Labora tory  Report No. Hyd-328 

ENGINEERING LABORATORIES IlRAliCH 

DESIGN AND CO:.iSTRUCTION DIVISION 
DENVER. COLORAD@ 

Apri l  30, 1952 





Figure 

Location Map . . . . . . . . . . . . . . . . . . ,. . . . . . . . . , . . 1 

Flatiron Power and Pumping Plant, Plan--Draft Tubes and 
Butterfly Valve Gallery. . . . . . . . . . . . . . . . . . . . . . . , 2 

Flatiron P wer and Pumping Plant, Transverse Sections 
Through e upit 3 and Through valve Structure . . . . . . . . , . . 3 

Schematic Flow Diagram. . . . . . . . . . . . . . . . . . . . . . . . 4 

Unsubmerged Jet Stilling Basin--Boysen Dam Qutlet Works . . . . . 5 

Stilling Basin For  An Unsubrnerged Jet--1: 12 Scale Model . . . . . . 6 

Submerged Jet Stilling Basin Studied for Tecolote Tunnel. . . . . . . 7 

Valve Discharging With and Without Tailwater in a Stilling 
Basin for  a Submerged Set . . . . . . . . . , . . . . . . . . . . . . 8 

Schematic Sketches- -Submerged Jet  Stilling Basin Development . . 9 

Comparison of Water Surfaces of Stilling Basins With a 
Submerged and Unsubmerged Jet at Comparable Operating 
Conditions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Schematic Flow Diagram Through Basin Baffles Viewed From 
Transparent Cover Over Baffles . . . . . . . . . . . . . . . . . . . 11 

Basin Piezorneter Locations--Tests 1, 2, 3, and 4 .  . . . . . . . . . 12 

Model Arrangement for Determining Basin Water Pressures ,  
Test 1 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . , . 13 

Basin Pressures  for Test 1 . . . . . . . . . . . . . . . . . . . . , . 14 

Basin Pressures  for Tests  2 and 3 . . . . . . . . . '. . , . . . . , . 15 

Model Arrangement for Determining Basin Water Pressures,  
T e s t 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .  16 

Basin Side Baffles With Extensions, Test 4 . . . . . , , . . . . . , . 17 

Basin Pressures  for Tests  4, 5, and 6. . . . . . . . . . . . . . . . . 18 

Model Arrangement for Determining Water Pressures  an  Side 
Baffles With 90° Corners, Test 5 . . . . . . . . . . . . . , . . , . 19. 

Recommended Stilling Basin Design and Basin Piezometer 
Locations, Test 6 .  . ,. . . . . . . . . , . . . . . . . . . . . . . . . 20 



I Oscillograph Traces From Pressure Cells Attached to . . . . . . . . . . . . . . . . . . .  Piezometers 8 and 16, Test 6 2 2 I 
I -~ee-inch Model of Hollow Jet Valve Showing Standard and . . . . . . . . . . . . . . . . . . . . .  I nevised Needle and Nozzle 24 

I Needle Pressures Downstream of Control Section Hollow-jet 
Vdve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 



DEPARTPJIENT O F  THE INTERIOR 
BUREAU OF RECLAMATION 

Design and Construction Division Laboratory Report No. Hyd-328 
Engineering Laboratories Branch Hydraulic Laboratory Section 
Denver, Colorado Written by: L. R. Thompson 
April 30, 1952 W. C. Case 

Checked and 
8 reviewed by: J. W. Ball 

Subject: Hydraulic model studies of the stilling basin for the pump- 
turbine bypass valve at Flatiron Power and Pumping Plant-- 
Colorado -Big Thompson Project 

PURPOSE 

To determine a suitable stilling basin design to dissipate the energy of 
the jet from the pump-turbine bypass valve to prevent damage in the 
tailrace. 

CONCLUSIONS 

1. A unique stilling basin design w a s  developed for the limited space 
available. It included three concrete baffles, triangular in plan, a con- 
crete cover surmounting and extending beyond the baffles, and a water 
passage beneath the baffles to relieve low pressures in the basin (Fig- 
ure  21). This basin will adequately dissipate the energy from a sub- 
merged jet (500 cfs at 260-foot head) of a 42-inch tube valve to give a 
smooth water surface in the basin (Figure 23). 

2. There w i l l  be no subatmospheric pressures low enough to cause 
cavitation in the basin, as evidenced by a momentary minimum subatmos- 
pheric pressure of 15 feet of water in the region downstream of the center 
baffle (Figures 20 and 22). 

3. The subatmospheric pressures downstream of the center baffle 
tend to become lower with a decrease in the height of baffle due to the 
higher circumferential velocities in the eddies downstream of the center 
baffle. Also, for the same reason, these pressures become lower with 
a decrease in the area  of tRe exit opening between the two side baffles 
up to the point where this opening becomes the hydraulic control (Fig- 
ures  17 and 188). 

4. Extending the cover surmounting the three basin baffles is neces- 
s a r y  for the creation of a smooth water surface (Figures 9A and B). The 
cover extension had no effect on the pressures in the region around the 
baffles. 



region immediately downstream from the control section of the valve 
needle (Figure 25) cannot safely be operated with a submerged jet because 
cavitation will occur. 

6. For Flatiron Power and Pumping Plant, a basin design with the valve 
jet unsubmerged, similar to Boysen Outlet Works (Figure 5 ) ,  is hydraulically 
inferior to a basin with a tube valve discharging with the jet submerged. For  
the same operating conditions the basin using a submerged jet can be smaller, 
there will be less spray, and the water surface w i l l  be much smoother 
(Figure 10). a . 

7 .  Brief tes ts  with a slide gate indicate that this gate shows promise 
of operating satisfactorily when the jet is submerged. 

RECOMMENDATIONS 

1. Use a stilling basin design with three baffles, an extended cover 
surmounting the baffles, a water passage beneath the baffles to relieve low 
pressure in the basin, and a 42 -inch tube valve with the jet submerged 
(Figure 21). 

2 .  Install piezometers in the region of the baffles to correlate model 
and prototype pressures. 
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INTRODUCTION 

Flatiron Power and Pumping Plant, a feature of the Colorado-Big 
Thompson Project, is located about 9 miles west of Loveland, Colorado, 
between Carter  Lake and Rattlesnake Reservoirs (Figure 1). The plant 
w i l l  contain two 48,000-horsepower turbines, one pump turbine-motor 
generator unit, and one bypass valve for this unit (Figures 2 and 3). Fig- 
ures 2 and 3 incorporate the results  of the model study reported herein. 
A schematic flow diagram is shown in Figure 4. Water wi l l  be released 
from Rattlesnake Reservoir through the 48,000-horsepower turbines for 
the generation of power. Par t  of this water wi l l  be pumped into Carter  
Lake .by the pump-turbine unit when water i s  plentiful, and the res t  re-  
leaseif'thrbugh the Flatiron section of the Horsetooth Feeder Canal. When 
Rattlesnake Reservoir is lbw or water is being stored in it, releases w i l l  b' 
be from Carter  Lake through the pump-turbine unit for the generation of 
power and for supplementing water to the Flatiron section of Horsetooth 
Feeder Canal. In addition to the water from CarterLake through the 



pump-turbine unit, it may be necessary at t imes  to release water through 
the bypass to maintain. the required discharge into the Flatiron section of 
Horsetooth Feeder  Canal. In general it is expected 'that the pump-turbine 
unit will operate as a pump 16 hours a day and as a turbine during peak 
power requirements 8 hours a day. The only water inlet to Car te r  Lake 
6s the pumped water f rom Flatiron Power and Pumping Plant. Car te r  Lake 
is the water source for  the St. Vrain Supply Canal. Fur ther ,  due to the 
characteris t ics  of the pump-turbine unit, it cannot operate as a turbine at 
low heads, and the water released from Car te r  Lake to supply the Flatiron 
section of Horsetooth Feeder  Canal under such conditions will have to be 
routed through the bypass valve, Also, the bypass is needed when the 
pump-turbine unit is shut down for  maintenance o r  repai rs .  

The head on the b ~ a s s v a l v e  at  a discharge of 500 cfs w i l l  be 
about 260 feet  (Car ter  Lake maximum, elevation minus valve elevation 
minus losses).  The flow will vary to  500 cfs. The minimum fail-water 
depth on the valve centerline will be 9 feet. Constructionwise, the bypass 
stilling basin will be an integral part  of Flat iron Power and Pumping Plant, 
and the space available for the basin will be limited. Consequently, the 
Canals Branch requested the Hydraulic Laboratory to determine the shape 
and size of the stilling basin required to still the bypass discharge. 

The preliminary stilling basin design (including a 36-inch hollow- 
jet valve) was patterned after the outlet works at  Boysen Dam on the Big 
Horn River in central Wyoming. Hydraulic model studies of the outlet 
works for Boysen Dam a r e  r e p o ~ t e d  in Report No. Hyd-283. A section 
through one of the two Boysen stilling basins is shown on Figure 5. Maxi- 
mum design flow fo r  each of the two 48-inch hollow-jet valves at Boysen 
was 660 cfs  at 103-foot total hcad. Other types of valves and stilling 
basins were tested for the Flat,iron bypass and were found more  suitable 
than the preliminary design, so the design w a s  changed a s  described in 
this report.  

Tm INITIAL MODEL 

The model of the preliminary design was built on a scale of 1 to 
12 and consisted of the stilling basin and a hollow-jet valve placed in a 
metal-lined box (Figure 6). The length ratio of made1 to prototype was 
selected s o  that the 36-inch hollow-jet valve could be represented by a 
3-inch model which w a s  available. Water was  pumped to the model 
through an 8-inch pipe containing a calibrated orifice meter  and a transi-  
tion section from 8 to 3 inches 4 feet upstream from the hollow-jet valve. 
Head on the valve was measured with a mercury manometer connected to 
a pressure  tap 1 diameter (3 inches) upstream from the valve. Tail- 
water elevation w a s  controlled by a gate on the metal-lined box. The 
length of the basin was varied during the tests by moving the chute and 
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inches (9 feet prototype) and the depth of the basin below the valve center- 
line at 27 .8  inches (27,8 feet prototype). 

STILLING BASIN FOR AN UNSUBMERGED mT 

Satisfactory operation of a stilling basin like Boysen Dam Outlet 
Works depends upon the proper combination of length, width, and depth of 
the basin, valve angle, chute angle, and chute guide w a l l  dimension= for 
the particular operating conditions. Since the maximum width and depth of 
the basin were restricted by the dimensions of the Flatiron Power and 
Pumping Plant, the initial problem was to determine the combination of di- 
mensions- -length, valve angle, chute angle, and chute guide walls- -that, 
together with the predetermined depth and width, would give acceptable 
flow conditions. 

It w a s  apparent from the f irst  run that the depth of the pool w a s  
I insufficient to adequately cushion the valve jet. The velocity of the jet was 

sufficient to penetrate to the floor even without the converging chute guide 
wa l l s ;  therefore, the addition of the converging guide vralls made flow con- 
ditions worse because the guide w a l l s  caused confinement of the jet. The 
valve angle w a s  varied from 24' to so0--30° giving slightly better results  than 
2 4 O .  The length of the basin used in the first test was 80 inches, repre- 
senting a prototype length of 80 feet. The length of the basin w a s  increased 
to 96 irlches to represent a prototype length of 96 feet. This length was 
greater than w a s  considered acceptable, and flow conditions were not im- 
proved by the additional length. Moreover, any length greater than 24 feet 
required that the w a l l s  of the basin extend into the tailrace below the power- 
house, representing additional construction. 

An attempt was made to disperse the jet to secure an even velocity 
distribution by inserting vertical bars into the basin. This flow distributor 
was unsuccessful for reasons that follow: If the flow area  between the bars 
in the baffle was made small enough to give a good velocity distribution 
downstream of the distributor, the water upstream of the baffle overtopped 
the basin w a l l s  before gaining enough head to force the required discharge 
through the distributor openings. This difficulty could have been overcome 
by using several flow distributors in ser ies  with larger openings. However, 
the basin would be quite long since space would be required between each 
distributor for the dissipation of energy and the redistribution of the flow to 
the larger flow area. 

If the jet from a valve is broken up and distributed to a larger flow 
area  with an even velocity distribution at the exit of the basin, the velocity 
from the basin will not depend on the head under which the valve is discharg- 
ing since from the continuity equation, the average velocity at the basin exit 
will equal the discharge divided by the a rea  of the basin exit. However, to 
obtain an efficient energy dissipator, the discharge must .leave the basin at 
a much lower velocity and energy level than the water in the jet entering the 
basin. The loss in energy is obtained by increasing the flow area  with an 
even velocity distribution and causing the creation and destruction of many 



tional to the head on the valve for a giveb-discharge, b r  to the square of 
the velocity of the jet, the stilling basin volume necessary to dissipate the 
major  portion of the jet energy will vary roughly with the square of the ve- 
locity of the jet--if the entire volume of the stilling basin is being utilized. 
In the case  where energy dissipators such as floor blocks, flow distribu- 
tors ,  baffles, e tc . ,  a r e  built into the stilling basin, the volume of basin then . also becomes dependent upon the effectiveness of the dissipator configuration 
to create small  high-velocity eddies. 

Tes t s  on the unsubmerged jet basin were discontinued due to the 
large  s ize  of the basin required for  satisfactory flow conditions. 

STILLING BASIN FOR A SUBMERGED JET 

When it became apparent that the unsubmerged jet stilling basin was 
not suitable for Flatiron, an entirely different design was tried. It was evi- 
dent from the small  space available for the dissipation of the energy of the 
high-velocity jet that a very efficietlt basin from the standpoint of energy dis-  
sipated per  unit volume of basin was required. This  suggested a valve dis-  
charging submerged, since a submerged jet could be located near  the bottom 
of the pool on a horizontal centerline, and thus eliminate the necessity of a 
chute and the waste space upstream and below the chute. A stilling basin of 
this type, using a tube valve discharging submerged, had been studied dur-  
ing model t e s t s  of methods to dissipate the high-velocity jet from the regu- 
lating valve in Tecolote Tunnel, Santa Barbara  Project, California. The 
test  resul ts  a r e  given in Report No. Hyd-287. This basin incorporated 
three floor blocks, triangular in plan, surmounted by a flat, rectangular 
cover, extending the width of the basin, and located immediately downstream 
from the valve (Figure 7).  

Using a Tube Valve 

A submerged-valve stilling basin model was built adjacent to the 
unsubmerged jet basin model, using the same tail-water box so  that a vis- 
ual comparison could be made of the two basins operating simultaneously. 
A 2.8-inch outlet-diameter model tube valve was available and used to rep-  
resent  the 42-inch outlet-diameter tube valve in the submerged jet basin. 
The scale of this  model basin to the prototype was 1: 15.2. Whereas a 36- 
inch hollow-jet valve had sufficient capscity in the initial design, a la rger  
s ize  valve (42-inch) was now required because of the lower capacity of the 
tube valve. 

The jet f rom the tube valve wzs discharged into the basin without 
floor blocks and with and without tail  water to give a concept of the re- 
quired energy to be dissipated (Figure 8). The f i rs t  test  of the basin with * -  the floor blocks disclosed a large  backroll in the basin and an uneven water 
surface (Figure 9A). The floor block cover was extended 24 inches, 30.4 
feet prototype (Figure 9B), and the water surface became very smooth. 
The structure called the "cover" in the model t e s t s  represented the floor 
of the water-purification room in the final design of Flatiron Power and 
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cover  on the bldcks and the cover  extension (J?igur< 9k), a backflow s ta r ted  
over  the cover  extension and down through the  open space,  indicating a low- 
p r e s s u r e  a r e a  below the cover  and downstream of the floor blocks. There-  
fore ,  a passage was provided a t  the bottom ups t ream end of the basin for  
the reent rance  of water  to the  low-pressure region (7 igu re  9D). With floor 
blocks removed f rom the basin floor,  the t e r m  "baffles" seemed m o r e  ap- 
propriate,  and it is used subsequently in this  repor t .  Water would now flow 
up and out of the gap between the cover and o v e r  the baffles and the cover  
extension, instead of down through it  a s  before, indicating a positive p re s -  
s u r e  beneath the cover.  With the  gap in the cover  closed, the water  sur face  
again became very  smooth. A comparison between the unsubmerged jet 
stilling basin and the submerged jet basin a t  comparable operating conditions 
i s  shown in F igure  10. Both basins a r e  operating a t  flows represent ing the 
s a m e  prototype discharge and head. 

A sheet  of t ransparent  plastic was substituted fo r  the wooden cover  
surmounting the th ree  baffles to permit  a visual  observation of the flow 
through th i s  energy diss ipator .  A schematic  flow d iagram through the baf- 
f les  is shown in F igure  l l - -based  on visual observations.  I t  appeared that 
the g rea t e s t  amount of energy was dissipated in the two high-velocity eddies 
formed below the downstream face of the  center  baffle, and that the  flow was  
distributed quite uniformly in the basin downstream f r ~ m  the baffles.  

Basin P r e s s u r e s  Using a Tube Valve 

The  performance of the three baffles with the extended cover  was 
considered exceptionally good based on the ve ry  smooth water  sur face  in 
the basin. Proof of the s t ruc tura l  feasibility of the design required an  in- 
vestigation of p re s su re  conditions around the baffles. Of par t icular  impor- 
tance were  s u b a t m ~ s p h e r i c  p r e s s u r e s  that might be low enough to cause  
damage by cavitation pitting. Although a subatmospheric p r e s s u r e  equal 
t o  the vapor p r e s s u r e  of the water  mus t  exis t  before cavitation can occur,  
a design limitation of minus 15  feet  of water is often se t  to provide a m a r -  
gin of safety. 

A new baffle was. constructed of 16-gage sheet  s t ee l  with piezome- 
t e r  taps  located as shown in F igure  12. The piezomeber taps  were  connected 
to  water manometers .  The model a r rangement  used in T e s t  1 is shown in 
F igu re  13. Figure  14  contains data  obtained f rom the test .  A discharge of 
500 cfs,  head of 252 feet ,  and minimum tail-water elevation 5462, r e p r e -  
sented the prototype conditions when the lowest subatmospheric p r e s s u r e s  
would be expected (Run 1). Runs 2, 3, 4, and 5 were  made to de te rmine  
the trend of the p r e s s u r e s  with an  increase  in head or  discharge o r  both; 
however, such inc reases  in head and discharge a r e  not contemplated field 
conditions. In general ,  positive p r e s s u r e s  increased and subatmospheric 
p r e s s u r e s  became g r e a t e r  with an  increase  in head o r  discharge.  In  Run I 
the only subatmospheric p r e s s u r e s  were  on piezometers  8, 9, ]LO, and 17, 
which were  located just downstream of the cen te r  baffle on o r  n e a r  the  un- 
ders ide  of the cover.  The  'lowest p re s su re  was  at  piezometer 9 which indi- 
cateci a subatmospheric p re s su re  of 4 . 3  feet  of water prototype. . The water  
sur face  in  the basin remained very smooth throughout all five runs.  



pressures around the baffles was determined in Test 2 by obtaining pres- 
sures  with the passage closed and minimum tail-water elevation 5462.  The 
pressures a re  listed in Figure 15A. The closure of the passage lowered 
the pressures in general, particularly piezometer 9 which indicated a sub- 
atmospheric pressure of 7.6 feet of water a s  compared with 4 .3  feet in Run 
1 of Test 1. 

For  Test 3 the following changes were incorporated in the model: 

(a) The valve elevation was raised from 5450.4 to 5453.0. 

(b) The baffle heights were reduced from 8. 5 inches (10.76 
feet prototype) to 6 .3  inches (7.98 feet prototype). 

(c) The thickness of the slab supporting the three baffles w a s  
increased to 1. 6 inches (2 feet prototype). 

(d) The heixht of the water passage under the slab supporting 
the baffles w a s  increased from 1 inch (1.27 feet prototype) to 2 . 6  
inches (3.29 feet prototype). 

(e) A 24-inch (30.4 feet prototype) extension was added to the 
cover surmounting the baffles. 

The model arrangement for Test 3 is shown in Figure 16. The pressures 
obtained a re  listed on Figurs 15B. All piezometers i;l Test 3 registered 
lower pressures than in Test 1. Par t  of the pressure reduction was be- 
cause the effective submergence of each piezometer was reduced approxi- 
mately 1 foot in Test 3 due to the higher elevation of the baffle assembly. 
The res t  of the effect w a s  due to the decreased height s f  the baffles which 
increased the circumferential velocities in the eddies downstream of the 
center baffle. Piezometer 9 again registered the lowest subatmospheric 
pressure, 8 . 7  feet (Figure 15B). The cover extension surmounting the 
baffles was removed. The pressures were the same with o r  without the 
cover extension. 

Test 4 was conducted with same baffle assembly a s  Test 3, Run 1, 
with the exception of extensions added to the side baffles (Figure 17). The 
addition of these extensions lowered the pressures and the larger extensions 
gave the lowest pressure (Figure 18A). 

The sharp, 45O corners on the two side baffles which were ex- 
pected to be made of concrete on the prototype structure r e r e  considered 
structurally undesirable. The baffles were altered to 90 angles to in- 
crease  the strength of the corners. Piezometers were installed on the 

a - downstream face of the revised baffles (Figure 19), and the pressures were 
determined in Test 5 (Figure 18B) with the same operating conditions as 
Test 4. A l l  pressures on the face were above atmospheric, and they were 
approximately equal to the height of the tailwater above each piezometer. 
This indicated very low velocities over the downstream face of the side 
baffles. 



sheet steel,  and it  contained a new set of piezometers in the most appro-  
priate locations based on the previous test resul ts .  Piezometer locations 
a r e  shown in Figure 20. The only changes in the basin design between 
Tes t s  6 and 3 were: 

\, , 

(a)  A valve connecting sleeve was added, and 

(b )  The baffles h e r e  moved 1 foot further downstream. 

In Test  6 the maximum subatmospheric pressure  was indicated by piezome- 
t e r  16 which was located about the same a s  piezometer 9 in Tes ts  1 through 
4. F o r  the most adverse conditions under which Flatiron Power and Pump- 
ing Plant would be operated (Run I) ,  piezometer 16 registered a subatmos- 
pheric pressure  of 7 . 7  feet of water (Figure 18C). Run 2 at  656 cfs  flow 
and 394-foot head w a s  conducted to determine the trend of the pressures ,  
and piezometer 16 again registered the lowest. The baffle assembly used 
in Test  6 represents  the design selected fo r  the prototype structure (Fig- 
u re  21). Steel plate w i l l  be used on three fzces of the center baffle and on 
the upstream face of the two side baffles. It  i s  planned to install piczome- 
t e r s  1 through 22 in their corresponding positions in the prototype s t ruc-  
ture  to determine model-prototype correlation. 

A piezometer located in a region of fluctuating pressure,  will in- 
dicate the average of the fluctuating pressures  i f  the frequency of the pres-  
su re  fluctuation i s  sufficiently high. Thus, cavitation can occur in a region 
where the average pressure,  a s  indicated by a piezometer, is above the 
vapor pressure  of the water i f  the minimum value of the fluctuating pressure 
reaches the vapor pressure  of the water. To obtain the minimum value of 
the fluctuating p ressures  on the Flatiron model, pressure  cel ls  w e r e  con- 
nected to piezometers 16 and 8, and pressure-t ime t r a ce s  were recorded 
by an oscillograph. The t r aces  obtained a r e  shown on Figure 22. The 
pressure  on piezometer 16 varied between atmospheric and 15 feet of water 
below atmospheric. This  pressure  range is safely above cavitation pres- 
su res .  The average pressures  obtained from the oscillograph t races  cor-  
responded closely to the pressure readings taken with piezometer's. 

Analysis of Hydraulic Conditions in the Basin 

The excellent flow conditions in the stilling basin using the tube 
valve can be attributed to the high efficiency of the thkee triangular baf- 
f l e s  a s  an  energy dissipator and flcw distributor. It can be seen from 
the schematic flow diagram in Figure 11 that the jet from the valve was 
divided into two jets, which were turned 45O by the center baffle. These 
jets then struck the side baffles, where they turned about 90' to meet a t  
about 90°, deflect each other and leave the side baffles in a vertical fin 
whose vertical dimension was limited by the floor and cover surmounting 
the baffles. 

It is believed the greatest  part of the jet energy loss  occurred in 
the creation and continuance of the two high-velocity eddies downstream of 
the center baffle. The amount of energy dissipated by thesc eddies is a 



function of the velocity, diameter, and height of the eddies. A low pres-  
s u r e  must exist at  the center of an eddy to balance the centrifugal forces. 
The higher the peripheral velocity of the eddy, the lower the center pres-  
s u r e  must be. PA decrease of the flow a r ea  at the exit from the two side 
baffles (Figure 17) would lower the pressure within the eddies by increas-  
ing the velocity of the jets which in turn would increase the velocity of the 
eddies. An increase i n  the height of the baffles would decrease the velocity 
of the eddies, increase their  height (or total a r ea s  available for  friction 
losses),  and increase the amount of energy that must be dissipated due to 
the decreased velocities at  the exit. The net effect of increasing the baf- 
fle height, however, is to ra ise  the pressure in the eddies. 

There is a possibility (not verified by test) that the baffles can 
be made too high. If the baffles a re  so high that the jet, striking the center 
baffle, does not "climb" to the top of the baffle, the eddies will n ~ t  form 
along the entire height of the downstream face of the baffle and a region of 
"dead" water will occur above and below the eddies. This water will be 
drawn into the low-pressure regions in tile center of the eddies and might 
raise the pressure  enough to reduce their effectiveness. 

Excellent flow conditions existed i n  the basin even for heads and 
discharges nearly double that for  the Flatiron bypass (Figure 23). At the 
higher heads and discharges, however, the subatmospheric pressures  
measured on the underside of the cover came within the cavitation range 
and the cor respondi~g  pressures  on the floor were probably almost as low. 
These pressures  can be raised by increasing the height of the baffles (in- 
creases  flow area).  In most installations the height would probably be 
Limited by the space available, the bending s t r e s s e s  in the center baffle, 
and the fact that the baffles must be submerged by the tailwater. 

Tbc- fact that cavitation produces no damage except when occurring 
on a surface, suggests one alternative--that of admitting large quantities of 
water into the low pressure region. An intermediate cover over the baffles, 
s imilar  in  plan a r ea  to the concrete slab supporting the baffles, could be 
installed. Holes cut in this cover and the concrete supporting slab a t  the 
location of the subatmospheric pressures  would likely eliminate ca.vitation 
pitting from al l  surfaces. Water would flow into the low-pressure region 
through the holes which would ra ise  the pressures .  The s ize  of the holes 
would have to be determined by model tests.  

Using a Hollow-je t Valve 

The use of a hollow-yet valve in place of the tube valve was studied 
since i t  would represent a considerable savings in initial cost. The higher 
capacity of the hollow-jet valve would permit the use of a smal ler  valve and 
inlet pipe (36-inch diam.eter a s  compared to 42-inch diameter). Tes ts  were 
made to determine if cavitation pressures  existed on a hollow-jet valve op- 
erating submerged. A 3-inch model of a standard hollow-jet valve was 
equipped with f ~ u r  piezometers just downstrean? of the control section on 
the valve needle and spaced about 08'. The model valve was operated full 
open with a discharge of 1.06 cfs and the centerline of the valve jet sub- 
merged 0 .5  foot. The average subatmospheric pressure on the four 
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5.83 feet of water. Regarding the 3-inch valve a s  a 1:12 scale model of 
a 36-inch valve, the above model data indicate that a 36-inch hollow-jet 
va2ve discharging 530 cfs with the jet centerline submerged 6 feet would 
create  a subatmospher;~ pressure  of 70 feet of water i f  such a pressure 
were possible. Cavitation would certainly exist under these conditions. 

Two revisions of the 3-inch hollow-jet valve were tested to de- 
termine whether o r  not the severe subatmospheric pressures  could be 
eliminated. The first  revision consisted of a standard nozzle (body) 
with a cut-down needle a s  shown on Figure 24A. The new needle was 
made of wood for th; model test.  This valve was fixed in the full-open 
position and could not be closed. The model data converted to prototcype 
values a r e  shown on Figure 25A, which considers the 3 -inch valve to be 
a 1:12 scale model of a 36-inch valve. The impossible pressure  values 
given in the last column of Figure 25A show that the pressures  on the valve 
needle were stil l  vapor pressures  and too low to be acceptable. A secorrd 
revision to the valve was made, using the same cut-down needle a s  in the 
previous test and an enlarged nozzle a s  shown on Figure 245. The valve 
was tested in the same (full-open) position. The 1:12 scale model data 
converted to prototype values a r e  shown on Figure 25B. This valve, with 
a cut-down needle and a n  enlarged nozzle, was moved to the 55-percent 
open position. The 1:12 scale  model data changed to prototype values 
a r e  shown on Figure 25C. The conclusion from the above data was that 
the hollow-jet valve could not be safely operated with the jet submerged 
under the conditions of head and discharge at Flatiron Power and Pumping 
Plant . 
Using a Slide Gate 

The model tube valve was replaced by a slide gate and tested 
briefly. The slide gate gave satisfactory flow conditions through the 
baffles and basin at all  openings. No data were recorded. 
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(A) Valve discharging into a basin without 
tailwater. 

(B) Valve discharging into basin with 
minimum tail-water elevation 5462. 
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Valve DiscRarging With and Without Tailwater in a Stillin# Basin for a rubmerged Jet 500 cis Flow 
and 260 Feet Head on Centerline of 42-inch Tube Valve 71% Open. 

1:15.2 Scale Model 
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( D )  P A S S A G E - - * ~ O R  THE REENTRANCE OF WATER TO 
THE LOW PRESSURE REGION 
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SCHEMAT!C SKETCHES- SUBMERGED JET STILLING BASIN DEVELOPMENT 
1:15.2 Scale model 



FIGURE 10 
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(A) Stilling basin with 42-inch tube valve d i s c h ~ @ n g  
submerged. Flow, 580 cfs. Head, 280 feet. 
Tail-water elevation, 5467 feet. 1:15.2 acale 
model. 

Stilling basin with 42-inch hollow jet valve 
discharging unsubmorged. Plow, 500 cfs. 
He&. 360 feet. Tail-water elevaiion, 
5478 Ieet. I: 14 scale model. 
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Comparison of Water Surfaces of St* Basins with a Sub- 
merged and Unsubmerged Jet at Comparable Operating Conditions. 







Eteport Hyd. 328 

@ 

Yiezometer Run 1 Run 2 Run 3 Run 4 Run 5 
Number Q 500 Q 566 Q 656 Q 764 Q 500 

(See Figure 12) H 252 H 143 H 394 H 308 H 476 

1 6.2 6.8 6.8 8.4 5.3 
2 6 .4  7.1 9.4 9.9 6.4 
3 13 .2  13.6 13.4 13.2 13.2 
4 9.9 - - 9.9 13. 4 4.6 
5 - - - - - - - - - - 
6 3.8 4.3 1.5 2. 3 -0.3 
7 3.8 3.8 2.3 3 .0  1.2 
8 -3.5 -1.5 -9.9 -8.8 -7.6 
9 -4.3 -3.3 -8.4 -8. 1 -6.1 

10 -2.0 0.0 -7.1 -6.8 -4.6 
11 1.8 2.0 -1.5 -1.5 0.0 

'12 6.8 7.6 3.8 1.8 5.3 
13 -" - - -- - - - - 
14  4.3 4.1 2.0 0.8 3.5 
15 7.6 8.7 4.6 4.6 5.8 
16 11.7 12.0 8.7 7.9 9.3 
17 -2.0 -0.4 -8.1 -7.6 -6.5 
18 2.7 4.1 -2.3 -1.0 -0.8 
19 6.4 7.4 2.3 3.0 3.0 
20 7.1 8.7 2.0 2.7 3.8 
21  6.5 9.0 -0.8 0.'7 0.4 
22 7.0 6.2 5.8 5. 8 6.5 
23 10.8 10.3 9.7 9.4 10.3 
24 14.0 14.1 12.5 12.4 13.2 
25 6.8 6.2 5.8 5.6 6.'2 
26 10.8 10.3 9.4 8.7 10.2 
27 14.6 14.4 12.9 12.5 13.2 

All model data converted to prototype values. Water 
passage beneath baffles open. Pressures  a r e  in feet of water. 
Q is discharge in cfs. H is total head on valve centerline in 
feet of water. Minimum Tail-water elevation, 5462, in all runs. 
Piezometers not recorded had high positive pressures. 

FLATIRON POWER AND PUMPING PLANT 
BYPASS VALVE STILLING BASIN STUDIES 

Basin Pressures  for Test 1 







Report Hyd. 328 

Plezometer Run 1 Hun 2 Nun 3 Run 4 
Number Q 500 Q 656 Q 764 Q 500 

(See Figure 12) H 252 H 394 PI 308 H 476 

(A) Test 2. Water passage beneath baffles closed. 

(B) Test 3. Water passage beneath baffles increased 
from 1.27 to 3.29 feet high. 

Note: All model data converted to prototype 
values. Pressures  &re in feet of water. Q is discharge 
in cfs. H i s  total head on valve centerline in feet of 
water. Minimum tail-water elevation, 5462, in all runs. 

FLATIRON POWER AND PUMPING PLANT 
BYPASS VALVE STILLING BASIN STUDIES 

Basin Pressures  for Tests  2 and 3 





Report Hyd. 928 

I Hun 1 
I 7  

- . -.- - - 
Piezometer .6"  extension ( 11.4" extension 

(See Figure 12) hprototype length) I (prototype length) 
I I 

1 5.0 -- 
8 -6. 4 - - 
9 -10.2 -10.9 
10 -5.6 - - 
11 -3.3 - - 
12 -i. 8 -- (B) Test 5. Pres-  

sures  with 

Piezometer Run 1 
jSee Figure 19) 

1A 5.6 
2A 5.6 
3A 9.7 
4A 9.7 

(A) Test 4. Pressures  with side baffle extensions side baffles 
shown on Figure 17. having 90° 

corners. 

Piezometer Piezometer 
(See Figure 20) Run 1 Run 2 (See Figure 20) Run 1 Run 2 

1 123.3 196.7 21 -.. - .. 
2 30.1 42.4 22 14.4 16.0 
3 18.7 70.8 23 2. 3 0.5 
4 9.7 11.2 24 -1.7 -5.3 
5 6.4 3.5 25 -2. 0 -8.7 
6 7.6 5.3 26 11.1 6.4 
7 10.2 8.8 27 9. 1 10.9 
8 13.2 13.8 28 26.0 32.1 
9 6.2 -- 29 -2.6 - 9 . 0  
10 0.9 -6.7 30 6.1 4.9 
11 0. 3 -7.4 3 1 -" - - 
12 -- 32 - - - - -- 
13 0.8 -4.7 33 41.9 46.5 
14 -4.4 -11.4 3 4 - - - - 
15 2.3 -3.0 35 - - - - 
16 -7.7 -16.0 36 - - -- 
17 -6 .4  -13.7 37 16.3 la. 1 
18 -3.6 -10.6 38 7.7 7.4 
19 14.3 13.5 39 8. 5 7. 7 
20 14.6 13.8 

(C) Test 6. Pressures  with basin baffles. moved 1 fbot further 
upstream and valve connecting sleeve as shown on Figure 21. 

b 

Note: All model data converted to prototype values. - 
Pressures  a re  in feet of water. Q is discharge in cfs. H is total 
head on valve centerline in feet of water. Minimum tail-water 
elevation, 5462, in' all runs. 
Run 1: Q = 500, H = 252. Run 2: Q = 656, H =394. 

FLATIRON POWER AND PUMPING PLANT 
BYPASS VALVE STILLING BASIN STUDIES 

Basin Pressures  for Tests  4, 5, and 6 









(A) Flow of 500 cfs with 260 feet head at valve inlet 
42-inch tube valve 71% open of full valve travel. 
This is mudmum flow and head expected In the 
field. 

(B) Flow of 900 cfr with 350 feet head 8t valve inlet. 
42-inch tube valve full open. This flow and head 
are greater than in expected in the field. 

FILATIRQIU mwrm AND PU-Q PLANT 
BYP- VALVE STILLING BASIN STUDIES 

WPter 8urfafc ColldUions d Recommendsd StiUiq Buin Den@. 
Tailwater Elevrpth 6467 
1:lS. 2 8 c a h  M d a l  





Report Hyd. 328 

Total head 
(1 diameter Submergence Pressure  on needle 

upstream of valve) Flow of jet G, downstream of control 
Run feet water cfs feet section, feet 

1 

(A) Hollow-jet valve with a cut-down needle (Figure 24A). Valve full 
open. 

(B) Hollow-jet valve with a cut-down needle and enlarged nozzle (Figure 
24B). Valve full open. 

(C) Hollow-jet valve with a eut-down needle and enlarged nozzle (Figure 
24). Vdve 55 percent open. 

FLATIRON POWER AND PUMPING PLANT 
BYPASS VALVE STILLING BASIN STUDIES 

Needle Pressures  Downstream of Control Section--Hollow -jet Valve 
1 : 1 2  Scale Model 


